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IMAGE SENSOR INCLUDING COLOR
SEPARATING LENS ARRAY AND
ELECTRONIC DEVICE INCLUDING THE
IMAGE SENSOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. application Ser.
No. 17/514,634, filed on Oct. 29, 2021, which claims
priority under 35 U.S.C. § 119 to Korean Patent Application
No. 10-2020-0143877, filed on Oct. 30, 2020 and Korean
Patent Application No. 10-2021-0083124, filed on Jun. 25,
2021, in the Korean Intellectual Property Office, the disclo-
sures of which are incorporated by reference herein in their
entireties.

BACKGROUND
1. Field

Example embodiments of the present disclosure relate to
an image sensor including a color separating lens array, and
an electronic device including the image sensor, and more
particularly, to an image sensor including a color separating
lens array capable of condensing infrared light separately,
and an electronic device including the image sensor.

2. Description of Related Art

In order to obtain a three-dimensional (3D) image or
material information that is not detected by the human eye,
an image sensor including both visible light pixels and
infrared pixels, for example, a multi-spectral image sensor
or a 3D image sensor, is being developed. However, when a
silicon-based photoelectric conversion element is used, a
signal conversion rate of an infrared pixel is low, and
crosstalk of infrared light occurs due to a microlens, making
it difficult to improve quality.

SUMMARY

One or more example embodiments provide image sen-
sors having improved light utilization efficiency by using a
color separating lens array capable of condensing infrared
light separately and electronic devices including the image
sensors.

Additional aspects will be set forth in part in the descrip-
tion which follows and, in part, will be apparent from the
description, or may be learned by practice of example
embodiments of the disclosure.

According to an aspect of an example embodiment, there
is provided an image sensor including a sensor substrate
including a plurality of first pixels configured to sense first
wavelength light in an infrared ray band and a plurality of
second pixels configured to sense second wavelength light in
a visible light band, and a color separating lens array
disposed on the sensor substrate and configured to change a
phase of the first wavelength light incident on the color
separating lens array such that the first wavelength light is
condensed to the plurality of first pixels, wherein the color
separating lens array includes a plurality of light condensing
regions configured to condense the first wavelength light
respectively on the plurality of first pixels, and wherein an
area of each of the plurality of light condensing regions is
larger than an area of each of the plurality of first pixels.
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The plurality of light condensing regions are configured to
change the phase of the first wavelength light such that the
first wavelength light passing through the plurality of light
condensing regions may have a phase profile that reduces in
a direction away from a center of the plurality of light
condensing regions.

The area of each of the plurality of light condensing
regions may be 1.5 to 4 times larger than the area of each of
the plurality of first pixels.

The color separating lens array may be configured such
that a phase of the second wavelength light passing through
the color separating lens array has a constant phase profile.

The image sensor may further include an infrared filter
disposed between the sensor substrate and the color sepa-
rating lens array that face the plurality of first pixels in a
vertical direction, the infrared filter being configured to
block visible light.

The image sensor may further include a color filter
disposed between the sensor substrate and the color sepa-
rating lens array that face the plurality of second pixels in a
vertical direction, the color filter being configured to block
infrared ray.

The image sensor may further include a microlens dis-
posed on the color filter.

The color separating lens array may include a first pixel
corresponding region disposed to face the plurality of first
pixels in a vertical direction and including a first nanopost,
and a second pixel corresponding region disposed to face the
plurality of second pixels in the vertical direction and
including a second nanopost.

The first nanopost may be disposed in a center of the first
pixel corresponding region, the second nanopost may be
disposed in a center of the second pixel corresponding
region, and a cross-sectional area of the first nanopost may
be larger than a cross-sectional area of the second nanopost.

The plurality of light condensing regions may include a
first wavelength light condensing region, the second wave-
length light may include red light or blue light, the color
separating lens array may include a second wavelength light
condensing region configured to condense the second wave-
length light to the plurality of second pixels, an area of the
second wavelength light condensing region may be larger
than an area of the plurality of second pixels, and the first
wavelength light condensing region may partially overlap
the second wavelength light condensing region.

The sensor substrate may include a plurality of third
pixels configured to sense third wavelength light, and a
plurality of fourth pixels configured to sense fourth wave-
length light, the second wavelength light may be red light,
the third wavelength light may be blue light, and the fourth
wavelength light may be green light, and the color separat-
ing lens array may be further configured to change a phase
of the second wavelength light incident on the color sepa-
rating lens array such that the second wavelength light is
condensed to the plurality of second pixels, change a phase
of' the third wavelength light incident on the color separating
lens array such that the third wavelength light is condensed
to the plurality of third pixels, and change a phase of the
fourth wavelength light incident on the color separating lens
array such that the fourth wavelength light is condensed to
the plurality of fourth pixels.

The sensor substrate may include a plurality of third
pixels configured to sense third wavelength light, and a
plurality of fourth pixels configured to sense fourth wave-
length light, the second wavelength light may be red light,
the third wavelength light may be blue light, the fourth
wavelength light may be green light, and the color separat-
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ing lens array may be configured to change the phase of the
first wavelength light and a phase of the fourth wavelength
light that are incident on the color separating lens array such
that combined light of the first wavelength light and the
fourth wavelength light is condensed to the plurality of first
pixels and the plurality of fourth pixels.

The image sensor may further include a color filter
disposed on the plurality of fourth pixels, the color filter
being configured to block infrared ray.

The image sensor may further include a color filter
disposed on the plurality of first pixels, the color filter being
configured to block visible light.

The color separating lens array may be configured to
change a phase of the second wavelength light incident on
the color separating lens array such that the second wave-
length light is condensed to the plurality of second pixels,
and change a phase of the third wavelength light incident on
the color separating lens array such that the third wavelength
light is condensed to the plurality of third pixels.

The plurality of light condensing regions may include a
first wavelength light condensing region, the color separat-
ing lens array may include a plurality of second wavelength
light condensing regions configured to respectively con-
dense the second wavelength light on the plurality of second
pixels, and an area of each of the plurality of second
wavelength light condensing regions may be larger than that
of the first wavelength light condensing region.

According to another aspect of an example embodiment,
there is provided an electronic device including an image
sensor configured to convert an optical image into an
electrical signal, and a processor configured to control the
image sensor, and store and output a signal generated by the
image sensor, wherein the image sensor includes a sensor
substrate including a plurality of first pixels configured to
sense first wavelength light in an infrared ray band and a
plurality of second pixels configured to sense second wave-
length light in a visible light band, and a color separating
lens array disposed on the sensor substrate and configured to
change a phase of the first wavelength light incident on the
color separating lens array such that the first wavelength
light is condensed to the plurality of first pixels, wherein the
color separating lens array may include a plurality of light
condensing regions configured to condense the first wave-
length light respectively on the plurality of first pixels, and
an area of each of the plurality of light condensing regions
is larger than an area of each of the plurality of first pixels.

The plurality of light condensing regions may be config-
ured to change the phase of the first wavelength light such
that the first wavelength light passing through the plurality
of light condensing regions has a phase profile that reduces
in a direction away from a center of the plurality of light
condensing regions.

The area of each of the plurality of light condensing
regions may be 1.5 to 4 times larger than the area of each of
the plurality of first pixels.

The color separating lens array may be configured such
that a phase of the second wavelength light passing through
the color separating lens array has a constant phase profile.

The electronic device may further include an infrared
filter disposed between the sensor substrate and the color
separating lens array that face the plurality of first pixels in
a vertical direction, the infrared filter being configured to
block visible light.

The electronic device may further include a color filter
disposed between the sensor substrate and the color sepa-
rating lens array that face the plurality of second pixels,
color filter being configured to block infrared ray.

30

35

40

45

55

4

The electronic device may further include a microlens
disposed on the color filter.

The color separating lens array may include a first pixel
corresponding region disposed to face the plurality of first
pixels in a vertical direction and including a first nanopost,
and a second pixel corresponding region disposed to face the
plurality of second pixels in the vertical direction and
including a second nanopost.

The first nanopost may be disposed in a center of the first
pixel corresponding region, the second nanopost may be
disposed in a center of the second pixel corresponding
region, and a cross-sectional area of the first nanopost may
be larger than a cross-sectional area of the second nanopost.

The plurality of light condensing regions may include a
first wavelength light condensing region, the second wave-
length light may include red light or blue light, the color
separating lens array may include a second wavelength light
condensing region configured to condense the second wave-
length light to the plurality of second pixels, an area of the
second wavelength light condensing region may be larger
than an area of the plurality of second pixels, and the first
wavelength light condensing region may partially overlap
the second wavelength light condensing region.

The sensor substrate may include a plurality of third
pixels configured to sense third wavelength light, and a
plurality of fourth pixels may be configured to sense fourth
wavelength light, the second wavelength light may be red
light, the third wavelength light may be blue light, and the
fourth wavelength light may be green light, and the color
separating lens array may be configured to change a phase
of the second wavelength light incident on the color sepa-
rating lens array such that the second wavelength light is
condensed to the plurality of second pixels, change a phase
of' the third wavelength light incident on the color separating
lens array such that the third wavelength light is condensed
to the plurality of third pixels, and change a phase of the
fourth wavelength light incident on the color separating lens
array such that the fourth wavelength light is condensed to
the plurality of fourth pixels.

The sensor substrate may include a plurality of third
pixels configured to sense third wavelength light, and a
plurality of fourth pixels configured to sense fourth wave-
length light, the second wavelength light may be red light,
the third wavelength light may be blue light, and the fourth
wavelength light may be green light, and the color separat-
ing lens array may be configured to change phases of the first
wavelength light and the fourth wavelength light that are
incident on the color separating lens array such that com-
bined light of the first wavelength light and the fourth
wavelength light is condensed on the plurality of first pixels
and the plurality of fourth pixels.

The electronic device may further include a color filter
disposed on the plurality of fourth pixels, the color filter
being configured to block infrared ray.

The electronic device may further include a color filter
disposed on the plurality of first pixels, the color filter being
configured to block visible light.

The color separating lens array may be configured to
change a phase of the second wavelength light incident on
the color separating lens array such that the second wave-
length light is condensed on the plurality of second pixels,
and change a phase of the third wavelength light incident on
the color separating lens array such that the third wavelength
light is condensed on the plurality of third pixels.

The plurality of light condensing regions may include a
first wavelength light condensing region, the color separat-
ing lens array may include a plurality of second wavelength
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light condensing regions configured to respectively con-
dense the second wavelength light on the plurality of second
pixels, and an area of each of the plurality of second
wavelength light condensing regions may be larger than that
of the first wavelength light condensing region.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and/or other aspects, features, and advantages
of example embodiments of the disclosure will be more
apparent from the following description taken in conjunction
with the accompanying drawings, in which:

FIG. 1 is a block diagram of an image sensor according
to example an embodiment;

FIGS. 2A, 2B, and 2C are diagrams showing pixel pat-
terns applicable to an image sensor;

FIGS. 3A and 3B are conceptual diagrams showing the
structure and operations of a color separating lens array;

FIGS. 4A and 4B are cross-sectional views of a pixel
array according to an example embodiment;

FIG. 5A is a plan view showing an arrangement of pixels
of'the pixel array of FIGS. 4A and 4B, FIG. 5B is a plan view
showing an example of an arrangement of a plurality of
nanoposts of a color separating lens array of FIGS. 4A and
4B, and FIG. 5C is a detailed view of an arrangement of
nanoposts of green, blue, red, and infrared pixel correspond-
ing regions constituting a partial region of FIG. 5B, e.g., a
unit pattern;

FIG. 6A shows a phase profile of green light passing
through a color separating lens array along line I-I' of FIG.
5B, and FIG. 6B shows a phase of the green light passing
through the color separating lens array at the center of green,
blue, red, and infrared pixel corresponding regions;

FIG. 7A shows a phase profile of infrared ray passing
through a color separating lens array along line II-II' of FIG.
5B, and FIG. 7B shows a phase of the infrared ray passing
through the color separating lens array at the center of the
green, blue, red, and infrared pixel corresponding regions;

FIG. 7C shows a traveling direction of infrared ray
incident on an infrared pixel corresponding region of a color
separating lens array corresponding to an infrared pixel and
a periphery thereof and FIG. 7D shows an infrared condens-
ing region;

FIGS. 8A and 8B are cross-sectional views of a pixel
array according to another embodiment;

FIG. 9A is a plan view showing an example of an
arrangement of the plurality of nanoposts of a color sepa-
rating lens array of FIGS. 8A and 8B, and FIG. 9B is a
detailed view of an arrangement of nanoposts of green, blue,
red, and infrared pixel corresponding regions constituting a
partial region of FIG. 9A, e.g., a unit pattern;

FIG. 10A shows phase profiles of green light and blue
light passing through a color separating lens array along line
III-1IT of FIG. 9A, FIG. 10B shows a phase of the green light
passing through the color separating lens array at the center
of green, blue, red, and infrared pixel corresponding regions,
and FIG. 10C shows a phase of the blue light passing
through the color separating lens array at the center of the
green, blue, red, and infrared pixel corresponding regions;

FIG. 10D shows a traveling direction of green light
incident on a green pixel corresponding region of a color
separating lens array corresponding to a green pixel and the
periphery thereof, and FIG. 10E shows a green light con-
densing region;

FIG. 10F shows a traveling direction of blue light incident
on a blue pixel corresponding region of a color separating
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lens array corresponding to a blue pixel and the periphery
thereof, and FIG. 10G shows a blue light condensing region;

FIG. 11A shows phase profiles of red light and infrared
ray passing through a color separating lens array along line
IV-IV' of FIG. 9A, FIG. 11B shows a phase of the red light
passing through the color separating lens array at the center
of green, blue, red, and infrared pixel corresponding regions,
and FIG. 11C shows a phase of the infrared ray passing
through the color separating lens array at the center of the
green, blue, red, and infrared pixel corresponding regions;

FIG. 11D shows a traveling direction of red light incident
on a red pixel corresponding region of a color separating
lens array corresponding to a red pixel and the periphery
thereof, and FIG. 11E shows a red light condensing region;

FIGS. 12A and 12B are cross-sectional views of a pixel
array according to another example embodiment;

FIG. 13A is a plan view showing an example of an
arrangement of nanoposts of a color separating lens array of
FIGS. 12A and 12B, and FIG. 13B is a detailed and enlarged
plan view of a part of FIG. 13A;

FIG. 14A shows phase profiles of combined light of green
light and infrared light, and blue light passing through a
color separating lens array along line V-V' of FIG. 13A, FIG.
14B shows phase profiles of red light and combined light of
the green light and infrared ray passing through the color
separating lens array along line VI-VI' of FIG. 13A, and
FIG. 14C shows a phase of the combined light of green light
and infrared light passing through the color separating lens
array at the center of pixel corresponding regions;

FIGS. 14D and 14E show traveling directions of green
light and infrared ray incident on green and infrared pixel
corresponding regions of a color separating lens array and
the peripheries thereof, and FIG. 14F shows green light and
infrared ray condensing regions;

FIGS. 15A and 15B are plan views of color separating
lens arrays according to another embodiment;

FIG. 16 is a block diagram of an example showing an
electronic device including the image sensor according to an
embodiment;

FIG. 17 is a schematic block diagram showing a camera
module of FIG. 16; and

FIGS. 18, 19, 20, 21, 22, 23, 24, 25, 26, and 27 show
various examples of electronic devices to which image
sensors are applied according to example embodiments.

DETAILED DESCRIPTION

Reference will now be made in detail to example embodi-
ments of which are illustrated in the accompanying draw-
ings, wherein like reference numerals refer to like elements
throughout. In this regard, the example embodiments may
have different forms and should not be construed as being
limited to the descriptions set forth herein. Accordingly, the
example embodiments are merely described below, by refer-
ring to the figures, to explain aspects. As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed items. Expressions such as “at
least one of,” when preceding a list of elements, modify the
entire list of elements and do not modify the individual
elements of the list. For example, the expression, “at least
one of a, b, and ¢,” should be understood as including only
a, only b, only c, both a and b, both a and ¢, both b and c,
or all of a, b, and c.

Hereinafter, an image sensor including a color separating
lens array and an electronic device including the image
sensor will be described in detail with reference to accom-
panying drawings. The example embodiments of the disclo-
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sure are capable of various modifications and may be
embodied in many different forms. In the drawings, like
reference numerals denote like components, and sizes of
components in the drawings may be exaggerated for con-
venience of explanation.

When a layer, a film, a region, or a panel is referred to as
being “on” another element, it may be directly on/under/at
left/right sides of the other layer or substrate, or intervening
layers may also be present.

It will be understood that although the terms “first,”
“second,” etc. may be used herein to describe various
components, these components should not be limited by
these terms. These components are only used to distinguish
one component from another. These terms do not limit that
materials or structures of components are different from one
another.

An expression used in the singular encompasses the
expression of the plural, unless it has a clearly different
meaning in the context. It will be further understood that
when a portion is referred to as “comprises” another com-
ponent, the portion may not exclude another component but
may further comprise another component unless the context
states otherwise.

In addition, the terms such as .. unit”, “module”, etc.
provided herein indicates a unit performing a function or
operation, and may be realized by hardware, software, or a
combination of hardware and software.

The use of the terms of “the above-described” and similar
indicative terms may correspond to both the singular forms
and the plural forms.

Also, the steps of all methods described herein may be
performed in any suitable order unless otherwise indicated
herein or otherwise clearly contradicted by context. Also, the
use of all exemplary terms (for example, etc.) is only to
describe a technical spirit in detail, and the scope of rights
is not limited by these terms unless the context is limited by
the claims.

FIG. 1 is a schematic block diagram of an image sensor
1000 according to an example embodiment. Referring to
FIG. 1, the image sensor 1000 may include a pixel array
1100, a timing controller 1010, a row decoder 1020, and an
output circuit 1030. The image sensor 1000 may include a
charge coupled device (CCD) image sensor or a comple-
mentary metal oxide semiconductor (CMOS) image sensor.

The pixel array 1100 includes pixels that are two-dimen-
sionally arranged in a plurality of rows and columns. The
row decoder 1020 selects one of the rows in the pixel array
1100 in response to a row address signal output from the
timing controller 1010. The output circuit 1030 outputs a
photosensitive signal, in a column unit, from a plurality of
pixels arranged in the selected row. To this end, the output
circuit 1030 may include a column decoder and an analog-
to-digital converter (ADC). For example, the output circuit
1030 may include a column decoder and a plurality of ADCs
arranged respectively for the columns in the pixel array 1100
or one ADC arranged at an output end of a column decoder.
The timing controller 1010, the row decoder 1020, and the
output circuit 1030 may be implemented as one chip or in
separate chips. A processor for processing an image signal
output from the output circuit 1030 may be implemented as
one chip with the timing controller 1010, the row decoder
1020, and the output circuit 1030.

The pixel array 1100 may include a plurality of pixels that
sense light of different wavelengths, and in particular, may
include an infrared pixel that senses light in an infrared
band. An image sensor including the infrared pixel may
perform various functions such as distance measurement,
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iris recognition, and night vision, and an arrangement of
pixels including the infrared pixel may be implemented in
various ways. For example, FIGS. 2A to 2C show various
pixel arrangements of the pixel array 1100 of the image
sensor 1000.

FIG. 2A shows an arrangement in which one of green
pixels G in a Bayer pattern that is generally adopted in the
image sensor 1000 is replaced with an infrared pixel IR.
Referring to FIG. 2A, one unit pattern includes four quad-
rant regions, and first through fourth quadrants may be the
blue pixel B, the green pixel G, the red pixel R, and the
infrared pixel IR, respectively. The unit patterns may be
repeatedly and two-dimensionally arranged in a first direc-
tion (X direction) and a second direction (Y direction). For
example, one green pixel G, one blue pixel B, one red pixel
R, and one infrared pixel IR are arranged in a unit pattern of
a 2x2 array. In the entire arrangement of pixels, a first row
in which a plurality of green pixels G and a plurality of blue
pixels B are alternately arranged in the first direction (X
direction) and a second row in which a plurality of red pixels
R and a plurality of infrared pixels IR are alternately
arranged in the first direction (X direction) are repeatedly
arranged in the second direction (Y direction).

However, the arrangement of the pixel array 1100 may
have various types, in addition to the arrangement of FIG.
2A. For example, FIG. 2B shows an arrangement in which
one of the red pixel R and the blue pixel B of the Bayer
pattern is replaced with the infrared pixel IR. Also, referring
to FIG. 2C, an arrangement in which the 2x2 unit pattern of
the Bayer pattern is replaced with one infrared pixel IR is
also possible. In addition, the unit pattern may be in the form
of'a 3x2 array, and an arrangement in which the green pixel
G, the blue pixel B, and the red pixel R are respectively
replaced with a magenta pixel M, a cyan pixel C, and a
yellow pixel Y is also possible. In addition to the above
examples, the pixels in the pixel array 1100 may be arranged
in various ways according to color characteristics of the
image sensor 1000. Hereinafter, it will be described that the
pixel array 1100 in the image sensor 1000 has the arrange-
ment of FIG. 2A, but an operating principle also applies to
other types of pixel arrangements.

The pixel array 1100 of the image sensor 1000 may
include a color separating lens array that condenses light of
a color corresponding to a specific pixel. FIGS. 3A and 3B
are conceptual diagrams showing the structure and opera-
tions of a color separating lens array CSLA.

Referring to FIG. 3A, the color separating lens array
CSLA may include a plurality of nanoposts NP that change
a phase of incident light Li differently according to an
incidence position. The color separating lens array CSLA
may be divided in various ways. For example, the color
separating lens array CSLA may be divided into a first pixel
corresponding region 131 corresponding to a first pixel PX1
on which first wavelength light L, ; included in the incident
light Li is condensed, and a second pixel corresponding
region 132 corresponding to a second pixel PX2 on which
second wavelength light L, , included in the incident light [.i
is condensed. Each of the first and second pixel correspond-
ing regions 131 and 132 may include one or more nanoposts
NP. The first and second pixel corresponding regions 131
and 132 may respectively face the first and second pixels
PX1 and PX2 in a vertical direction. As another example, the
color separating lens array CSLLA may be divided into a first
wavelength condensing region [.1 configured to condense
the first wavelength light L, ; on the first pixel PX1 and a
second wavelength condensing region L2 configured to
condense the second wavelength light I, , on the second
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pixel PX2. The first wavelength condensing region [.1 and
the second wavelength condensing region [.2 may partially
overlap each other.

The color separating lens array CSLA may form different
phase profiles in the first wavelength light [,, and the
second wavelength light L, , included in the incident light [.i
so that the first wavelength light L,, may be condensed on
the first pixel PX1 and the second wavelength light L, , may
be condensed on the second pixel PX2.

For example, referring to FIG. 3B, the color separating
lens array CSLA may allow the first wavelength light LA1 to
have a first phase profile PP1 and the second wavelength
light L, , to have a second phase profile PP2 at a location
right after passing through the color separating lens array
CSLA, at a lower surface location of the color separating
lens array CSLA, so that the first wavelength light L, ; and
the second wavelength light I, , may be condensed on the
respective corresponding first and second pixels PX1 and
PX2. For example, the first wavelength light [, passing
through the color separating lens array CSLLA may have the
phase profile PP1 that is the largest at the center of the first
pixel corresponding region R1, and reduces in a direction
away from the center of the first pixel corresponding region
R1, that is, in a direction of the second pixel corresponding
region R2. This phase profile may be similar to a phase
profile of light converged to a point through a convex lens,
for example, a microlens having a convex center, disposed
in the first wavelength condensing region L1 and the first
wavelength light L, ;, may be condensed on the first pixel
PX1. In addition, the second wavelength light L, , passing
through the color separating lens array CSLLA may have the
phase profile PP2 that is the largest at the center of the
second pixel corresponding region R2, and reduces in a
direction away from the center of the second pixel corre-
sponding region R2, that is, in a direction of the first pixel
corresponding region R1, and may be condensed on the
second pixel PX2.

Because the refractive index of a material differs depend-
ing on the wavelength of reacting light, as shown in FIG. 3B,
the color separating lens array CSLA may provide different
phase profiles with respect to the first wavelength light L, ,
and the second wavelength light L, ,. For example, because
the same material has a different refractive index according
to the wavelength of light reacting to the material and a
phase delay experienced by light when passing through the
material is also different for each wavelength, a different
phase profile may be formed for each wavelength. For
example, the refractive index of the first pixel corresponding
region R1 with respect to the first wavelength light L, | may
be different from the refractive index of the first pixel
corresponding region R1 with respect to the second wave-
length light L, ,, and the phase delay experienced by the first
wavelength light [, ; passing through the first pixel corre-
sponding region R1 and the phase delay experienced by the
second wavelength light L, , passing through the first pixel
corresponding region R1 may be different from each other.
Thus, when the color separating lens array CSLA is designed
considering the characteristics of light, different phase pro-
files may be provided with respect to the first wavelength
light L, , and the second wavelength light [, ,.

The color separating lens array CSLA may include the
nanoposts NP arranged in a specific rule so that first wave-
length light L, ; and the second wavelength light L, , have
the first and second phase profiles PP1 and PP2, respec-
tively. Here, the rule may be applied to parameters, such as
the shape of the nanoposts NP, sizes (width and height), a
distance between the nanoposts NP, and the arrangement
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form thereof, and these parameters may be determined
according to a phase profile to be implemented through the
color separating lens array CSLA.

A rule in which the nanoposts NP are arranged in the first
pixel corresponding region R1, and a rule in which the
nanoposts NP are arranged in the second pixel correspond-
ing region R2 may be different from each other. For
example, the shape, size, space, and/or arrangement of the
nanoposts NP included in the first pixel corresponding
region R1 may be different from the shape, size, space,
and/or arrangement of the nanoposts NP included in the
second pixel corresponding region R2.

The cross-sectional diameters of the nanoposts NP may
have sub-wavelength dimensions. Here, the sub-wavelength
refers to a wavelength less than a wavelength band of light
to be branched. The nanoposts NP may have dimensions less
than a shorter wavelength among first and second wave-
lengths. When the incident light Li is a visible ray, the
cross-sectional diameters of the nanoposts NP may have
dimensions less than 400 nm, 300 nm, or 200 nm. The
heights of the nanoposts NP may be 500 nm to 1500 nm, and
may be larger than the cross-sectional diameters thereof. The
nanoposts NP may be a combination of two or more posts
stacked in a height direction (Z direction).

The nanoposts NP may include a material having a higher
refractive index than that of a peripheral material. For
example, the nanoposts NP may include c¢-Si, p-Si, a-Si and
a Group I11-V compound semiconductor (gallium phosphide
(GaP), gallium nitride (GaN), gallium arsenide (GaAs),
etc.), silicon carbide (SiC), titanium oxide (Ti0O,), silicon
nitride (SiN), and/or a combination thereof. The nanoposts
NP having a difference in a refractive index from the
refractive index of the peripheral material may change a
phase of light that passes through the nanoposts NP. This is
caused by a phase delay due to the shape dimension of the
sub-wavelength of the nanoposts NP, and a degree of the
phase delay may be determined by detailed shape dimen-
sions, arrangement types, etc. of the nanoposts NP. The
peripheral material of the nanoposts NP may include a
dielectric material having a lower refractive index than that
of the nanoposts NP. For example, the peripheral material
may include silicon oxide (Si0,) or air.

The first wavelength Al and the second wavelength A2
may be in a wavelength band of infrared or visible rays, but
are not limited thereto. The first wavelength Al and the
second wavelength A2 may operate in a variety of wave-
lengths according to the arrangement rule of an array of the
plurality of nanoposts NP. Although it is described that two
wavelengths are branched and condensed, incident light may
be branched into three or more directions according to
wavelengths and condensed.

In addition, although it is described that the color sepa-
rating lens array CSLA includes one layer, the color sepa-
rating lens array CSLA may have a structure in which a
plurality of layers are stacked. For example, the CSLA may
be designed where a first layer condenses visible light on a
specific pixel, and a second layer condenses infrared ray on
other pixels.

Hereinafter, an example is described in which the color
separating lens array CSLA described above is applied to the
pixel array 1100 of the image sensor 1000.

FIGS. 4A and 4B are schematic cross-sectional views of
the pixel array 1100 according to an example embodiment,
FIG. 5A is a plan view showing an arrangement of pixels of
the pixel array 1100 of FIGS. 4A and 4B, FIG. 5B is a plan
view showing an example of an arrangement of the plurality
of nanoposts NP of a color separating lens array 130 of
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FIGS. 4A and 4B, and FIG. 5C is a detailed view of an
arrangement of pixel corresponding regions 131, 132, 133,
and 134 constituting a partial region of FIG. 5B, e.g., a unit
pattern.

Referring to FIGS. 4A and 4B, the pixel array 1100 of the
image sensor 1000 may include a sensor substrate 110
including a plurality of pixels 111, 112, 113, and 114 sensing
light, a transparent spacer layer 120 disposed on the sensor
substrate 110, and the color separating lens array 130 on the
spacer layer 120.

The sensor substrate 110 may include the green pixel 111,
the blue pixel 112, the red pixel 113, and the infrared pixel
114 that convert light into electrical signals. As shown in
FIG. 4A, the green pixel 111 and the blue pixel 112 may be
alternately arranged in a first direction (X direction), and in
a cross-section in which a Y direction location is different
from FIG. 4A, as shown in FIG. 4B, the red pixel 113 and
the infrared pixel 114 may be alternately arranged. This
region division is for sensing incident light by a unit pattern
such as a Bayer pattern. For example, the green pixel 111
may sense light having a first wavelength that corresponds
to green light, the blue pixel 112 may sense light having a
second wavelength that corresponds to blue light, the red
pixel 113 may sense light having a third wavelength that
corresponds to red light, and the infrared pixel 114 may
sense light having a fourth wavelength that corresponds to
infrared ray. FIG. 5A shows an arrangement of the pixels
111, 112, 113, and 114 when the pixel array 1100 of the
image sensor 1000 has an arrangement shown in FIG. 2A. A
separator for separating cells may be further formed in a
boundary between cells.

The spacer layer 120 may be disposed between the sensor
substrate 110 and the color separating lens array 130 to
maintain a gap between the sensor substrate 110 and the
color separating lens array 130 to be constant. The spacer
layer 120 may include a transparent material with respect to
the visible ray, for example, a dielectric material having a
lower refractive index than that of the nanoposts NP and a
low absorption coefficient in the visible ray band, e.g., SiO,,
siloxane-based spin on glass (SOG), etc. The thickness h of
the spacer layer 120 may be selected to be within the range
of h,—p<h<h+p. In this regard, when a theoretical thickness
h, of the spacer layer 120 is expressed by Equation 1 below
when a refractive index of the spacer layer 120 with respect
to a wavelength A, is n, a pitch of a pixel is p.

[Equation 1]

Here, the theoretical thickness h, of the spacer layer 120
may refer to a focal length at which light having a wave-
length of A is condensed onto a top surface of the pixels 111,
112, 113, and 114 by the color separating lens array 130. A,
may be a reference wavelength for determining the thickness
h of the spacer layer 120, and the thickness of the spacer
layer 120 may be designed with respect to 540 nm, which is
the central wavelength of green light.

A color filter layer 105 and a microlens layer 107 may be
included between the sensor substrate 110 and the spacer
layer 120. The color filter layer 105 may include filters
corresponding to a pixel arrangement of the sensor substrate
110. As shown in FIG. 4A, a green filter CF1 and a blue filter
CF2 are alternately arranged, and as shown in FIG. 4B, in a
next row spaced apart in the Y direction, a red filter CF3 and
an infrared filter CF4 are alternately arranged. The color
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filter layer 105 may be designed to cause only light in a
specific wavelength band to transmit therethrough. For
example, the green filter CF1 may cause only green light to
transmit therethrough so that the green light travels to the
green pixel 111, and the infrared filter CF4 may absorb
and/or reflect visible rays so as not to transmit therethrough,
and may cause only infrared ray to transmit therethrough so
that the infrared rays travel to the infrared pixel 114. The
green, blue, and red filters CF1, CF2, and CF3 may further
include a filter that blocks infrared rays besides a filter which
transmits only green, blue, and red light among visible light.

The microlens layer 107 may include microlenses formed
on the green filter CF1, the blue filter CF2, and/or the red
filter CF3, and the microlenses may be convex in a Z
direction. The microlens layer 107 may condense light that
passes through the color separating lens array 130 and then
travels to the green, blue, and red pixels 111, 112, and 113
to the center of the pixel. The microlens layer 107 may
include a light transmissive resin or a material having a
refractive index higher than that of a material constituting
the spacer layer 120 such as TiO,.

The color separating lens array 130 may be supported by
the spacer layer 120 and may include the nanoposts NPs that
change the phase of incident light and dielectrics, such as air
or Si0,, disposed between the nanoposts NPs and having
refractive indexes lower than those of the nanoposts NP.

Referring to FIG. 5B, the color separating lens array 130
may be divided into the four pixel corresponding regions
131, 132, 133, and 134 respectively corresponding to the
pixels 111, 112, 113, and 114 of FIG. 5A. The green pixel
corresponding region 131 may correspond to the green pixel
111 and may be disposed on the green pixel 111, the blue
pixel corresponding region 132 may correspond to the blue
pixel 112 and may be disposed on the blue pixel 112, the red
pixel corresponding region 133 may correspond to the red
pixel 113 and may be disposed on the red pixel 113, and the
infrared pixel corresponding region 134 may correspond to
the infrared pixel 114, and may be disposed on the infrared
pixel 114. For example, the pixel corresponding regions 131,
132, 133, and 134 of the color separating lens array 130 may
be disposed to respectively face the pixels 111, 112, 113, and
114 of the sensor substrate 110. The pixel corresponding
regions 131, 132, 133, and 134 may be two-dimensionally
arranged in the first direction (X direction) and the second
direction (Y direction) so that a first row in which the green
pixel corresponding region 131 and the blue pixel corre-
sponding region 132 are alternately arranged, and a second
row in which the red pixel corresponding region 133 and the
infrared pixel corresponding region 134 are alternately
arranged are alternately repeated to each other. The color
separating lens array 130 may also include a plurality of
two-dimensionally arranged unit patterns like a pixel array
of the sensor substrate 110, and each unit pattern may
include the pixel corresponding regions 131, 132, 133, and
134 arranged in a 2x2 form.

The color separating lens array 130 may be divided into
a green light condensing region condensing green light, a
blue light condensing region condensing blue light, and a red
light condensing region condensing red light, similarly to
that described with reference to FIG. 3B.

One or more nanoposts NP may be disposed in each of the
pixel corresponding regions 131, 132, 133, and 134, and the
shape, size, space, and/or arrangement of the nanoposts NP
may vary depending on the region. For example, each of the
pixel corresponding regions 131, 132, 133, and 134 may
include one or more nanoposts NP. The size, shape, space,
and/or arrangement of the nanoposts NP are determined so
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that travel directions of green, blue, and red light do not
change, and infrared rays are condensed on the infrared pixel
114 through the color separating lens array 130. The thick-
ness of the color separating lens array 130 in the third
direction (Z direction) may be similar to the height of the
nanoposts NP, and may be about 500 nm to about 1500 nm.

Referring to FIG. 5B, the pixel corresponding regions
131, 132, 133, and 134 may include the nanoposts NP each
having a cylindrical shape of a circular cross-section. The
nanoposts NP may also be arranged on the center of each of
the pixel corresponding regions 131, 132, 133, and 134 and
a crossing point of pixel boundaries. The nanopost NP
having the largest cross-sectional area is disposed on the
center of the infrared pixel corresponding region 134, and
the nanopost NP disposed farther away from the center of
the infrared pixel corresponding region 134 may have a less
cross-sectional area.

FIG. 5C is a detailed view of the arrangement of the
nanoposts NP in partial regions of FIG. 5B, that is, the pixel
corresponding regions 131, 132, 133, and 134 constituting
the unit pattern. In FIG. 5C, the nanoposts NP are indicated
as pl to p4 according to detailed locations thereof. For
example, the nanoposts NP may include the nanopost pl
disposed at the center of the infrared pixel corresponding
region 134, the nanopost p2 disposed on a crossing point of
boundaries dividing the infrared pixel corresponding region
134, the nanopost p3 disposed at the center of the blue and
red pixel corresponding regions 132 and 133, and the
nanopost p4 disposed at the center of the green pixel
corresponding region 131. The nanoposts pl to p4 are
arranged in the order of p1>p2>p3>p4 so that the cross-
sectional area of the nanopost p1 disposed at the center of
the infrared pixel corresponding region 131 is the largest,
and the nanopost disposed farther away from the center of
the infrared pixel corresponding region 131 have a less
cross-sectional area. However, this is only an example, and
the nanoposts NPs of various shapes, sizes, spaces, and/or
arrangements may be applied if necessary.

The nanoposts NP have symmetrical circular cross-sec-
tional shapes but are not limited thereto. Some nanoposts
having asymmetrical cross-sectional shapes may be
included. For example, nanoposts having an asymmetrical
cross-sectional shape that has different widths in the first
direction (X direction) and the second direction (Y direction)
may be employed.

FIG. 6 A shows a phase profile PPG of green light passing
through the color separating lens array 130 along line I-I' of
FIG. 5B, and FIG. 6B shows a phase of the green light
passing through the color separating lens array 130 at the
center of the pixel corresponding regions 131, 132, 133 and
134.

Referring to FIGS. 6A and 6B, the green light passing
through the color separating lens array 130 may have the
green light phase distribution PPG having the constant phase
for each location. For example, at a location right after
passing through the color separating lens array 130, at a
lower surface location of the color separating lens array 130
or at an upper surface of the spacer layer 120, when a phase
is 27 at the center of the green pixel corresponding region
131 of the green light, the phase of the green light at all
locations passing through the color separating lens array 130
may be 2m. A phase profile that does not change depending
on the location is similar to a phase profile of light passing
through transparent glass having a uniform thickness, and
the green light may pass through the color separating lens
array 130 while maintaining a direction incident on the color
separating lens array 130.
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Among the green light passing through the color separat-
ing lens array 130, the light directed to the green pixel 111
may be condensed on the center of the green pixel 111
through a microlens of the microlens layer 107 disposed on
the green pixel 111 and may be photoelectrically converted
in the green pixel 111 through the green color filter CF1.
Among the green light passing through the color separating
lens array 130, the light not directed to the green pixel 111,
for example, the light directed to the blue pixel 112, may be
condensed on the center of the blue pixel 112 through a
microlens of the microlens layer 107 disposed on the blue
pixel 112, but the light may be absorbed and/or reflected by
the blue color filter CF2 and not be sensed by the blue pixel
112.

FIG. 7A shows a phase profile PPIR of infrared ray
passing through the color separating lens array 130 along
line II-II' of FIG. 5B, and FIG. 7B shows a phase of the
infrared ray passing through the color separating lens array
130 at the center of the pixel corresponding regions 131,
132, 133 and 134.

Referring to FIGS. 7A and 7B, the infrared ray passing
through the color separating lens array 130 may have the
infrared ray phase profile PPIR that is the largest at the
center of the infrared pixel corresponding region 134 and
reduces in a direction away from the center of the infrared
pixel corresponding region 134. For example, at a location
right after passing through the color separating lens array
130, at a lower surface location of the color separating lens
array 130 or at an upper surface of the spacer layer 120, the
phase of the infrared ray may be the largest at the center of
the infrared pixel corresponding region 134, may gradually
reduce in the form of a concentric circle away from the
center of the infrared pixel corresponding region 134, may
be the smallest at the center of the blue and red pixel
corresponding regions 132 and 133 in the X and Y direc-
tions, and may be the smallest at the center of the green pixel
corresponding region 131 in the diagonal direction. When
the phase of the infrared ray at the center of the infrared pixel
corresponding region 134 is 2, the phase of the infrared ray
may be 0.9 to 1.1x at the center of the blue and red pixel
corresponding regions 132 and 133, and may be a value less
than m, about 0.2 to 0.97, at the center of the green pixel
corresponding region 131. The infrared ray phase profile
PPIR may not mean that a phase delay amount of the light
passing through the center of the infrared pixel correspond-
ing region 134 is the largest. When the phase of the light
passing through the infrared pixel corresponding region 134
is determined as 27, when the phase delay of light passing
through another location is larger and has a phase value
larger than 2, the phase value may be a value remaining by
removing by 2nzm, that is, a profile of a wrapped phase. For
example, when the phase of light passing through the
infrared pixel corresponding region 134 is 2m, and the phase
of light passing through the center of the red pixel corre-
sponding region 133 is 3w, the phase in the red pixel
corresponding region 133 may be m remaining by removing
2 (when n=1) from 3.

FIG. 7C shows a traveling direction of infrared ray
incident on an infrared condensing region IRL, and FIG. 7D
shows an array of the infrared condensing region IRL.

The infrared ray is condensed on the infrared pixel 114 by
the color separating lens array 130 as shown in FIG. 7C, and
the infrared ray from the pixel corresponding regions 131,
132, 133, and 134 is incident on the infrared pixel 114. In the
phase profile PPIR of the infrared ray described above with
reference to FIGS. 7A and 7B, the infrared ray passing
through the infrared condensing region IRL by connecting
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the centers of four green corresponding regions 131 adjacent
to the infrared pixel corresponding region 134 with vertexes
facing each other is condensed on the infrared pixel 114.
Accordingly, as shown in FIG. 7D, the color separating lens
array 130 may operate as the array of the infrared condens-
ing region IRL in which the infrared ray is condensed on the
infrared pixel 114. Because an area of the infrared condens-
ing region IRL is larger than that of the corresponding
infrared pixel 114, not only the infrared ray traveling to the
infrared pixel 114 but also the infrared ray traveling to
directions of the green, blue, and red pixels 111, 112, and 113
may also be condensed on the infrared pixel 114. The area
of the infrared condensing region IRL. may be 1.5 to 4 times
larger than the area of the infrared pixel 114. As described
above, because the infrared ray may be condensed by the
color separating lens array 130, a separate microlens may
not be disposed on the infrared filter CF4.

Referring back to FIG. 7A, the infrared ray passing
through the color separating lens array 130 may be photo-
electrically converted in the infrared pixel 114 through the
infrared filter CF4 formed on the infrared pixel 114. The
infrared filter CF4 may be a filter for blocking visible light,
and may block green, blue, and red light from being incident
on the infrared pixel 114.

Phase profiles of the red light and blue light passing
through the color separating lens array 130 is similar to the
phase profile of the green light described above with refer-
ence to FIG. 6A. For example, there is no phase difference
between the red light and blue light passing through the
color separating lens array 130.

Among the blue light passing through the color separating
lens array 130, the light directed to the blue pixel 112 may
be condensed on the center of the blue pixel 112 through a
microlens of the microlens layer 107 formed on the blue
pixel 112, and may be photoelectrically converted in the blue
pixel 112 through the blue color filter CF2. Among the blue
light passing through the color separating lens array 130, the
light directed to the green, red, and infrared pixels 111, 113
and 114 may be absorbed and/or reflected by the green, red,
and infrared filters CF1, CF3 and CF4 and not be sensed by
the green, red, and infrared pixels 111, 113, and 114.

Similarly, the red light passing through the color separat-
ing lens array 130 may be sensed by the red pixel 113 and
not sensed by the green, blue, and infrared pixels 111, 112,
and 114.

FIGS. 8A and 8B are cross-sectional views of a pixel
array 1100 according to another example embodiment, FIG.
9A is a plan view showing an example of an arrangement of
the plurality of nanoposts NP of a color separating lens array
130" of FIGS. 8A and 8B, and FIG. 9B is a detailed view of
an arrangement of nanoposts NP' of a partial region of FIG.
9B.

Referring to FIGS. 8A and 8B, the pixel array 1100' of the
image sensor 1000 may include the sensor substrate 110
including the plurality of pixels 111, 112, 113, and 114
sensing light, the transparent spacer layer 120 disposed on
the sensor substrate 110, and the color separating lens array
130" on the spacer layer 120. The pixel array 1100' of FIGS.
8A and 8B is different from the pixel array 1100 of FIGS. 4A
and 4B in that the pixel array 1100' condenses green, blue,
and red light on the green, blue, and red pixels 111, 112, and
113, respectively, and may not include a microlens layer and
a color filter layer. In the description of the example embodi-
ment of FIGS. 8A and 8B, redundant descriptions with the
description of the pixel array 1100 of FIGS. 4A and 4B will
be omitted.

25

30

35

40

45

16

The sensor substrate 110 may include the pixels 111, 112,
113, and 114 that convert light into electrical signals, and the
pixels 111, 112, 113 and 114 may sense light of first to fourth
wavelengths, respectively. Hereinafter, light of the first
wavelength is green light, light of the second wavelength is
blue light, light of the third wavelength is red light, and light
of the fourth wavelength is infrared ray. The arrangement of
the pixels of FIGS. 8A and 8B is the same as that described
with reference to FIG. 5A.

A color filter and a microlens may be omitted between the
sensor substrate 110 and the spacer layer 120. For example,
because the color separating lens array 130" of FIGS. 8A and
8B separates and condenses green light, blue light, red light
and infrared ray into the respective pixels, the color sepa-
rating lens array 130" may operate without a color filter and
a microlens, but a color filter may be applied if necessary in
order to increase color purity and color reproducibility.
When the color filter is applied, for example, a visible light
cut-filter may be applied to the upper portion of the infrared
pixel 114, and an infrared cut-filter may be applied to the
upper portions of the green, blue, and red pixels 111, 112,
and 113.

The color separating lens array 130' may include the
nanoposts NP' arranged to change phases of green light, blue
light, red light, and infrared ray and condense the green light
on the green pixel 111, the blue light on the blue pixel 112,
the red light on the red pixel 113, and the infrared ray on the
infrared pixel 114.

Referring to FIG. 9A, pixel corresponding regions 131',
132", 133", and 134' may include the nanoposts NP' each
having a cylindrical shape of a circular cross-section. The
nanoposts NP' may be also arranged inside of each of the
pixel corresponding regions 131, 132', 133", and 134' and a
crossing point of pixel boundaries. Compared to the color
separating lens array 130 of FIG. 5B, the color separating
lens array 130' of FIG. 9A may further include nanoposts for
condensing visible light, that is, green light, blue light, and
red light.

FIG. 9B is a detailed view of the arrangement of the
nanoposts NP' in partial regions of FIG. 9A, that is, the pixel
corresponding regions 131", 132', 133', and 134' constituting
the unit pattern. Compared to the color separating lens array
130 of FIG. 5B, the color separating lens array 130" of FIG.
9A may further include nanoposts p'l, p'2, and p'3 disposed
inside the green, blue and red pixel corresponding regions
131", 132", and 133'. For example, the color separating lens
array 130" may include four nanoposts p'l disposed between
the center of the green pixel corresponding region 131' and
each vertex of the green pixel corresponding region 131",
four nanoposts p'2 disposed between the center of the blue
pixel corresponding region 132' and each vertex of the blue
pixel corresponding region 132', and four nanoposts p'3
disposed between the center of the red pixel corresponding
region 133' and each vertex of the red pixel corresponding
region 133'. The cross-sectional area of the nanoposts p'l
added to the green pixel corresponding region 131' may be
larger than the cross-sectional area of the nanoposts p'2 and
p'3 added to the blue and red pixel corresponding regions
132" and 133', and the cross-sectional area of the nanoposts
p'2 added to the blue pixel corresponding region 132' may be
larger than the cross-sectional area of the nanoposts p'3
added to the red pixel corresponding region 133'.

In addition, although the color separating lens array 130'
of FIG. 9A shows an interleaved structure in which the
additional nanoposts p'l, p'2, and p'3 and the nanoposts p1,
P2, p3, and p4 included in the color separating lens array 130
of FIG. 5B are formed together on the same layer, the color
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separating lens array 130' may be implemented as a structure
in which a color separating lens array for condensing
infrared ray and a color separating lens array for condensing
visible ray are formed as separate layers and a plurality of
color separating lens array layers are stacked vertically.

FIG. 10A shows phase profiles PPG' and PPB' of green
light and blue light passing through the color separating lens
array 130" along line III-I1I' of FIG. 9A, FIG. 10B shows a
phase of the green light passing through the color separating
lens array 130' at the center of the pixel corresponding
regions 131', 132', 133", and 134, and FIG. 10C shows a
phase of the blue light passing through the color separating
lens array 130' at the center of the pixel corresponding
regions 131', 132", 133", and 134'.

Referring to FIGS. 10A and 10B, the green light passing
through the color separating lens array 130' may have the
phase profile PPG' that is the largest at the center of the green
pixel corresponding region 131' and reduce in a direction
away from the center of the green pixel corresponding
region 131'. For example, at a location right after passing
through the color separating lens array 130, at a lower
surface location of the color separating lens array 130' or at
an upper surface of the spacer layer 120, the phase of the
green light may be the largest at the center of the green pixel
corresponding region 131', may gradually reduce in the form
of'a concentric circle away from the center of the green pixel
corresponding region 131', may be the smallest at the center
of'the blue and red pixel corresponding regions 132' and 133"
in the X and Y directions, and may be the smallest at the
center of the infrared pixel corresponding region 134' in the
diagonal direction. When the phase of the green light at the
center of the green pixel corresponding region 131" is 2z, the
phase of the green light may be 0.97 to 1.1 at the center of
the blue and red pixel corresponding regions 132" and 133,
and may be a value less than m, about 0.2x to 0.97, at the
center of the infrared pixel corresponding region 134'".

Referring to FIGS. 10A and 10C, the blue light passing
through the color separating lens array 130' may have the
phase profile PPB' that is the largest at the center of the blue
pixel corresponding region 132' and reduce in a direction
away from the center of the blue pixel corresponding region
132'. For example, at a location right after passing through
the color separating lens array 130, the phase of the blue
light may be the largest at the center of the blue pixel
corresponding region 132', may gradually reduce in the form
of'a concentric circle away from the center of the blue pixel
corresponding region 132', may be the smallest at the center
of the green and infrared pixel corresponding regions 131'
and 134' in the X and Y directions, and may be the smallest
at the center of the red pixel corresponding region 133" in the
diagonal direction. When the phase of the blue light at the
center of the blue pixel corresponding region 132' is 27w, the
phase of the blue light may be 0.9 to 1.1x at the center of
the green and infrared pixel corresponding regions 131' and
134', and may be a value less than &, about 0.27 to 0.97, at
the center of the red pixel corresponding region 133'. FIG.
10D shows a traveling direction of the green light incident
on the green pixel corresponding region 131' of the color
separating lens array 130' corresponding to the green pixel
111 and the periphery thereof, and FIG. 10E shows a green
light condensing region GL".

The green light incident on the green pixel corresponding
region 131' is condensed on the green pixel 111 by the color
separating lens array 130', as shown in FIG. 10D, and the
green light from the pixel corresponding regions 131', 132,
133", and 134' is incident on the green pixel 111. In the phase
profile PPG' of the green light described above with refer-
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ence to FIGS. 10A and 10B, the green light incident on the
green light condensing region GL' by connecting the centers
of four infrared pixel corresponding regions 134' adjacent to
the green pixel corresponding region 131' with vertexes
facing each other is condensed on the green pixel 111.
Accordingly, as shown in FIG. 10E, the color separating lens
array 130' may operate as an array of the green light
condensing region GL'. The area of each of the green light
condensing regions GL' may be 1.5 to 4 times larger than the
area of the green pixel 111.

FIG. 10F shows a traveling direction of the blue light
incident on the blue pixel corresponding region 132' of the
color separating lens array 130" corresponding to the blue
pixel 112 and the periphery thereof, and FIG. 10G shows a
blue light condensing region BL'.

The blue light is condensed on the blue pixel 112 by the
color separating lens array 130", as shown in FIG. 10F, and
the blue light from the pixel corresponding regions 131',
132", 133', and 134' is incident on the blue pixel 112. In the
phase profile PPB' of the blue light described above with
reference to FIGS. 10A and 10C, the blue light incident on
the blue light condensing region BL' by connecting the
centers of four red pixel corresponding regions 133' adjacent
to the blue pixel corresponding region 132' with vertexes
facing each other is condensed on the blue pixel 112.
Accordingly, as shown in FIG. 10G, the color separating
lens array 130' may operate as an array of the blue light
condensing region BL'. The area of each of the blue light
condensing regions BL' may be 1.5 to 4 times larger than the
area of the blue pixel 112.

FIG. 11A shows phase profiles PPR' and PPIR' of red light
and infrared ray passing through the color separating lens
array 130" along line IV-IV' of FIG. 9A, FIG. 11B shows a
phase of the red light passing through the color separating
lens array 130' at the center of the pixel corresponding
regions 131', 132, 133", and 134', and FIG. 11C shows a
phase of the infrared ray passing through the color separat-
ing lens array 130" at the center of the pixel corresponding
regions 131, 132', 133", and 134'".

Referring to FIGS. 11A and 11B, the red light 